A s demonstrated by several surveys, growth of the owned domestic cat populations in the world parallels the number of cats that are euthanized, relinquished to shelters and animal control facilities, or simply abandoned.
panding area of veterinary medicine, often challenged with a lack of resources to improve animal welfare. 4 One of the most challenging issues to address to improve the welfare of confined cats is providing an adequate environment to meet cognitive and social needs of the species. 5 Much of domestic cat behavior needs further investigation, but a concept that has been specifically challenged in social behavioral studies 6 is dominance. Even a consensus on its definition and how to identify it in a group is rarely achieved. 7 Dominance relationships refer to dyads of individuals in which one (the loser or submissive individual) consistently submits or gives way to another individual as a consequence of prior experience with that individual (the winner or dominant individual). 7 If that definition is to be applied when cats live together in the same social group, a set of dominantsubordinate relationships among pairs of cats that interact sufficiently can be identified. 8 However, a hierarchy or social rank cannot always be determined in groups of cats.
a Authors who have used the concept of hierarchy relationships to describe cat social behavior understand that the major function of dominance is presumably to allow priority of access to preferred resources, such as food, water, resting sites, and mates. However, the dominant animal in a group does not always have first and greatest access to these resources.
a Other variables, such as motivation to obtain the resource, learned experiences, the relationship developed between a pair, coalitions by multiple animals against 1 animal, behavioral disorders, Superior. Address correspondance to Dr. Dantas-Divers (lsdantas@uga.edu).
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and several other factors, can contradict this expectation. 9 Also, attempts to correlate agonistic behavior and social rank in other species have not always been successful, and it has been argued that one of the functions of a dominance hierarchy is actually to decrease aggression; therefore, aggressive behavior does not necessarily correlate with dominance relationships. 7 Actually, once a dominance relationship between 2 animals is established, it will allow individuals to predict the outcome of future encounters and therefore engage in subtle agonistic behaviors that do not result in injury. 10 That is one of the reasons the diagnosis of dominance or status-related aggression has been recently debated and even dismissed by some authors in behavioral medicine. 6, 11 Aggressive behavior toward humans and other cats to is one of the main behavioral reasons for euthanasia and abandonment of cats. 2, 12 More studies are needed to understand the relationship between aggression and access to resources in this species. Normal agonistic interactions between cats are often subtle and ritualized, instead of overt and injurious. 9 Furthermore, the underlying reasons for aggression in cats are more complex than simple access to resources, and other causes have to be taken into consideration for a proper diagnosis to be made. 8 Additionally, understanding the social behavior of cats and how their relationships affect access to resources is fundamental to more appropriate management and to improve the welfare of cats in shelters or multicat households.
Environmental enrichment has been one of the most successful techniques for behaviorial modification and improving welfare of confined animals, including cats. [13] [14] [15] For animals that have been victims of abandonment or abuse, it may also decrease fear of humans via classic conditioning, as cats can learn that people are a source of pleasant, rather than aversive, experiences. 5 Inexpensive but effective devices can be developed with reused or low-cost materials, which makes them affordable for shelters. 14 The combination of physical and occupational enrichment can also promote social enrichment among conspecifics, one of the most neglected needs of cats in confinement. 15 Social contact provides a constant source of complex mental stimulation for which no environment enrichment item can substitute. 16 Environment enrichment items that dispense food or that make animals search for food have been recommended for many species. 16 Food is a potent reward, and most individuals have a strong drive for foraging and exploratory behavior, which would occupy a substantial part of their time under natural conditions. 17 Puzzle feeders and food dispensers have been widely used for felids because these items combine the motivation for feeding and exploring as well as cognitive stimulation. 17, 18 They might also stimulate play behavior and increase positive social contact among animals.
b However, when offering an item to a group, it is necessary to evaluate whether it can be used by most group members. Otherwise, frustration or dispute for this particular resource can take place, leading to an increase in aggressive behavior.
When designing enrichment for cats in confinement, it has to be kept in mind that group density is directly correlated to stress. 4, 19, 20 It is commonly accepted that space use is more relevant than the size of the area itself. 14, 15 However, hiding or keeping a distance from other individuals is a main behavior of cats coping with social stress. 21 Providing enough retreats and considering individual cat socializations are important when establishing group housing. 4, 20 The purpose of the study reported here was to evaluate the presence of a dominance rank in a group of cats communally housed in a shelter and to determine the relation between agonistic behavior and the use of resources, including an environmental enrichment puzzle feeder, in these cats.
Materials and Methods
Cats and research site-This study was approved by the Ethical Committee for Animal Research of the Universidade Federal Fluminense. Twenty-seven neutered cats (6 males and 21 females) that had previously been household cats and were subsequently moved to a nonkill shelter in Ribeirao Preto, SP, Brazil, were the subjects of this study. At the shelter, the cats were kept in the same enclosure and it was estimated that they had been living together in the shelter for 3 years. Although they were either adults or seniors, a precise age of the cats was not known. Therefore, age analysis was not done in this study.
The mean weight of male cats was 4.1 kg (9.0 lb; range, 2.9 to 5.0 kg [6.4 to 11.0 lb]), and the mean weight of female cats was 3.9 kg (8.6 lb; range, 2.0 to 6.4 kg [4.4 to 14.1 lb]). All cats received treatment for ectoparasites and endoparasites and had been vaccinated (panleukopenia, rhinotracheitis, calicivirus, and rabies) prior to the study. Testing for FIV and FeLV was not performed because of economic constraints. During the course of this study, none of the cats appeared to be ill or have clinical signs of either of these diseases. The shelter had 1 other confined area with another group of cats, 5 enclosures for dogs, and 1 external area with free-ranging cats. It was located in a mixed residential and commercial neighborhood. Adult cat dry food and water were available for the cats ad libitum.
The cats were kept in an enclosure that had an interior and exterior section. They could move between the 2 sections via 2 large openings (1.93 X 0.76 m). The total area of the enclosure was 24.82 m cording, a 3-month habituation period was used to familiarize the cats with the presence of the researcher in the shelter. After baseline video recording was completed, a puzzle feeder was placed in the enclosure for 1 hour on alternate days to avoid habituation. 23 The cats' feeding occurred as normally scheduled on the enrichment days. On the first day, the box was left with the cats Data and statistical analysis-A list of agonistic behaviors and interactions with the puzzle feeder was developed on the basis of the behaviors of the cats in the study, with reference to ethograms of previous work a (Appendix). Each dyad interaction (ie, pairs of cats with at least 3 agonistic encounters) and each individual cat' s behaviors were recorded. Rates of aggressive and appeasement behavior per cat per hour were calculated. Numeric data on affiliative behavior were not recorded because, as the cats curled up together, it was not always possible to identify every individual.
Statistical analysis was performed by use of a statistical program.
c Values of P < 0.05 were considered significant, and the Bonferroni correction adjusted the P value for significance to P < 0.008. Because 16 hours of baseline data and 4 hours of treatment (puzzle feeder) data were collected for each cat, for purposes of statistical comparison, the baseline data were divided by 4 so that frequencies of given behaviors every 4 hours could be compared.
A Pearson correlation was used to determine whether there was a correlation between weight and aggression, an independent sample t test was used to determine whether there was a relationship between sex and rate of aggression, and a 1-way ANOVA was used to determine whether there was a relationship between coat color and aggression. To test whether there was a correlation between rate of aggression with and without the puzzle feeder in the enclosure, a paired sample t test was used (ie, each cat' s rate of aggression when there was no puzzle feeder present was compared with its rate of aggression when the puzzle feeder was present). A Pearson correlation was also used to determine whether there was a relationship between rate of aggression and time spent interacting with the puzzle feeder (ie, whether more aggressive cats were more likely to show prolonged interest in the puzzle feeder).
To test whether a dominance rank could be defined, the agonistic interactions between cats were recorded; a cat was considered subordinate to another cat only if it lost 3 of 3 interactions or lost 75% of the interactions when > 3 interactions between 2 cats occurred. a The dyadic relationship was then included in the analysis of relationships. This standard was used for interactions related to the puzzle feeder and not related to the puzzle feeder when it was not present.
Results
All cats were involved in at least 1 agonistic encounter as the winner or loser. A total of 143 agonistic encounters among dyads of cats were recorded, of which 44 were related to resources and 99 were unrelated to resources. Of the 143 of agonistic encounters, 29 did not involve any aggression on the winner' s part, consisting only of a spontaneous appeasement display from the subordinate cat. Three encounters unrelated to resources had no obvious winner or loser and therefore were not included in calculations. Regarding the agonistic encounters related to resources, 13 were over food, 14 were over a bed, 5 were over elevated spaces, and 12 were related to the puzzle feeder. Although 77 dyads of cats involved in agonistic interactions were recorded, there were insufficient agonistic interactions between cats, related to resources or not, to determine a dominance rank within most dyads. Only 8 dyads had at least 3 or more encounters. Among these 8 dyads, only 2 cats had agonistic encounters related to resources. None of these dyadic interactions were related to the puzzle feeder. Additionally, among these 8 dyads, 5 had the same female (the most aggressive cat) as the winner over other cats, and none of these encounters included a dispute for resources. The aggression rate per cat per hour was 0.2462 (Table 1) , and the rate of appeasement behavior was 0.2537 (Table 2) .
Regarding the presence of the environmental enrichment item in the enclosure, only 4 cats did not interact with the puzzle feeder. Cats were not significantly (P = 0.576) more or less aggressive when the puzzle feeder was present versus when it was absent. 
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There was no significant (P = 0.864; r = -0.035) correlation between weight and rate of aggression. There was no significant effect of sex (P = 0.882) or coat color (P = 0.561) on the rate of aggression. There was no significant (P = 0.580; r = 0.111) correlation between aggression and time spent interacting with puzzle feeder.
Discussion
The low rate of aggressive behavior and the inadequate number of agonistic encounters to define a dominance hierarchy are interesting. It has been documented that normal agonistic interactions in domestic cats are highly ritualized, probably an adaptation to avoid escalation of aggression and injury to a member of the colony. 24, 25 Avoidance and appeasement behaviors are more commonly observed than overt aggression. 9 In the group of the present study, none of the cats were relatives, which has been shown to increase affiliative behaviors and decrease overt aggression. 26 However, these cats did have some degree of familiarity because they had been sharing the same environment for at least 3 years, which might have played a role in the low rate of aggression. 8 It has previously been shown that the longer 2 cats have lived together, the lower the rate of agonistic interactions and overt aggression. 8 Shelter environments have several features that are known to be extremely stressful to cats (eg, unfamiliar, unpredictable, and impoverished environments; circulation of strange people; presence of dogs and unfamiliar cats; reduced space; behavioral deprivation; and frustration). 27 However, after 3 years in the shelter, habituation to the environmental stressors could have happened. Interestingly, the cats in the study not only shared resources with rare displays of aggression, but also displayed frequent affiliative behaviors toward each other (eg, mutual grooming, mutual rubbing, sleeping and resting together, and social play). In 29 of the 143 agonistic encounters recorded, there was no aggression on the winner' s part, only spontaneous appeasement behavior from the second cat. Appeasement behavior is normally displayed by the young in many social species to the older members of the group, and it is also a result of a learned response to avoid conflict among members of a group. 28 The fact that all animals were neutered might be another contributing factor to the low rate of aggression. 8 Reproductive state probably accounts for the difference between the present study and other research involving feral cat colonies where most aggression observed was related to sexual or maternal behavior. 25, 29 Although castration might be considered an artifact in studies of behavior, most cats evaluated by behavioral services and kept in shelters and even feral populations targeted by trap-neuter-return programs are neutered or spayed. Therefore, these cats comprise a specific type of population that needs further behavioral investigation because most studies on domestic cat behavior have used sexually intact social groups. 30 The availability of water and food ad libitum, in a long food trough instead a food bowl, may have contributed to the low rate of aggression, is an example of good management for shelters, and is preferable to keeping cats in individual cages. 24 Housing a social species, such as cats, alone had been shown to be a major source of distress in shelters and single-cat households. 4, 5, 13 The possibility of fights due to restricted resources (food, water, shelves, beds, and toys) can be overcome if enough choices are offered to avoid confrontation. Considering the ritualization of agonistic behavior in clinically normal cats, especially if neutered, 8 this seems to be an appropriate way to keep cats long-term to improve their welfare.
Among all 143 dyadic agonistic encounters recorded, only 44 were related to resources. The other recorded agonistic encounters did not involve any resources, including the puzzle feeder. Not even the novelty promoted by the enrichment item provoked enough stress or competition to increase aggressive behavior. The lack of sufficient agonistic interactions between pairs of cats to construct a dominance hierarchy could be partially a consequence of methodology, as the rate of aggression was so low that more hours of video recording would have been necessary. a However, relationships between cats are based on mutual recognition and previous experiences. *Aggression rate was calculated by dividing the total number of aggressive events by the number of cats (n = 27) and the number of hours of observation (20) . *Appeasement rate was calculated by dividing the total number of appeasement events by the number of cats (n = 27) and the number of hours of observation (20) . 
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The role of improper socialization, common in cats as a result of the brief socialization period (from the third to the eighth week of age), 31 and early aversive experiences cannot be overemphasized as part of the etiology of aggressive behavior. 32 Cats that have not been properly socialized may develop behaviors ranging from aggressive play to overt aggression. 8 Aversive experiences, especially in the first months of life, can also alter an individual' s behavior definitively because of learning and the pathophysiologic consequences of stress on the immune system and CNS. 33, 34 Nevertheless, context and prior experience alone may explain the outcome of encounters in social species. 35 Sex, age, reproductive stage, nutritional and health condition (especially if painful), motivation to access a resource, and individual preferences are also other contributing factors to aggressive behavior. 6, 8 Group density is an important welfare factor for communally housed cats. 4, 13 The cats in the present study had 1.26 m 2 /cat, which is below the recommended minimum of 1.7 m 2 /cat. 4 However, the number of vertical spaces and retreats allowed the cats to avoid each other. Cats that are not socialized with other cats are less stressed under single-housing conditions than in group housing. 4, 20 Although habituation and learning may influence how flexible cats are over time, the role of socialization cannot be disregarded. 4, 14 To communally house cats that are not socialized to their own species can produce high stress levels that may be persistent, leading to a chronic state of poor welfare. 20 Assessing short-and long-term stress is fundamental for assuring that the type of housing provided meets welfare expectations. 4, 27 A cat' s personality is another factor that affects its interactions with the environment and other individuals. 36 An animal' s personality or behavioral style refers to the distinctiveness of behavior and therefore reactions to aversive events and stress. 37 Personalities have been extensively studied not only in primates but also in cats. 36, [38] [39] [40] Evaluating each cat' s personality was beyond the scope of the present study. However, it should be taken into consideration in behavioral diagnosis and prognosis. These individual differences have an impact on the likelihood of the development of fear responses and therefore are a component of aggressive behavior. 37 For instance, regarding the interactions with the puzzle feeder, only 4 cats did not approach it. Specifically, the 4 cats that did not interact with it were timid individuals (n = 2) or had an extremely fearful body posture toward humans (2) . 39 However, these cats were frequently observed displaying affiliative behaviors toward other cats. It is possible that they were not interested or motivated to interact with the puzzle feeder or that the presence of other cats might have inhibited their exploratory behavior. Nevertheless, there were times during video recording when the puzzle feeder was not being used by any cat and no cat was close to it, which, in theory, would have given any cat an opportunity to approach if interested; however, in practice, these cats might be inhibited due to fear, conflict, or anxiety, even if other cats were not close to the enrichment item.
These results support the use of a puzzle feeder as environmental enrichment for improving the welfare of confined cats. 5, [13] [14] [15] Most cats in the group used the puzzle feeder, and no aggressive cat controlled or blocked access of other cats, a phenomenon that has been occasionally observed in other species. 16 Additionally, there was no correlation between aggressive behavior and the time spent with the puzzle feeder. Finally, the rate of aggression displayed by the cats was not affected by the presence of the puzzle feeder, which is one of the issues that might arise from inserting a new stimulating item in a group environment. 16 Sex had no significant effect on aggressive behavior, which is not surprising because all animals were spayed or neutered. The weight of the cats also had no significant correlation to aggressive behavior. Size and weight have been correlated to a higher position in a social rank or to a more aggressive individual in some studies, but that is not commonly observed in cats.
a The most aggressive cat in the present study was not only a female but also weighed 3.1 kg (6.8 lb), as opposed to the heaviest cat in the shelter (6.4 kg [148 lb]), also a female.
Likewise, there was no relationship between color of coat and aggression. The association between coat color and behavior has been suggested in several species. 30 Although coat color genes are unlikely to affect behavior directly, an association between coat color and tendencies toward fear and aggression has been shown in other carnivores. 41 There are still no extensive studies in cats, but some associations between coat color and behavior have been suggested. 30 In conclusion, this group of cats, despite the lack of kinship and the stress caused by a shelter environment, proved to be a cohesive social group in which affiliative behavior predominated and aggression rate was rather low. These findings suggest that overt aggression as a strategy to cope with environmental challenges and other individuals is a consequence of stress and emotional states such as fear, anxiety, and pain, rather than a normal social behavior to maintain a social position in the group or have priority access to resources. Factors such as improper socialization, group density, aversive and other learned experiences, context of conflict, motivation to obtain a resource, individual preferences, personality, physiologic state, and medical and other behavioral disorders should be taken into consideration when diagnosing aggressive behavior in cats. These factors seem to play a more important role in intercat aggression than a simple dispute for resources or a social position in a group, as suggested by the classic concept of dominance. 6 Sex, weight, and coat color were not predictors of the outcome of aggressive encounters and did not affect the use of the environmental enrichment provided. The findings of the present study support the use of environmental enrichment for confined cats, either in shelters, laboratories, or households, as it gives cats the opportunity of performing exploratory and foraging behavior without necessarily increasing aggression. A stimulating item that can be shared by all individuals in a stable group, such as a puzzle feeder of appropriate size, can play an important role in promoting positive social interactions among cats and improving their welfare. Subsequent to an aggressive behavior by another cat, a cat rolls on the ground, exposing its ventrum; the body is tense, with the ears back or flat and the tail swishing or twitching, and the cat may hiss Retreat from food One cat approaches the food trough but retreats as it sees another cat beside the trough, is stared at by a cat that is sitting beside the trough, is attacked by a cat who is sitting beside the trough, or sees a cat eating Give away food One cat that was previously eating leaves immediately upon the arrival of another cat at the food trough shelf, leaves within a maximum of 3 seconds after another cat arrives, or stops eating upon the arrival of the second cat but stays next to the food trough Move away at food One cat that was previously eating moves at least 60 cm along the shelf and keeps eating upon the arrival of or after trough being stared at or attacked by a second cat, or a cat arrives at the trough, sees a cat eating, and moves away at least 60 cm before it starts eating Wait on food
One cat arrives at the food trough shelf but waits while another cat is eating or is beside the trough; the cat that is waiting alternates looking at or sniffing the food with looking at the cat that is eating Retreat from bed One cat attempts to get into a bed that another cat is occupying but ultimately retreats from it Give away bed One cat that is occupying a bed leaves within 3 seconds of another cat getting into the bed or staring or attacking it Wait on bed One cat waits while another cat uses a bed; the cat that is waiting stares at the bed for at least 3 seconds Retreat from
One cat attempts to get onto an elevated space that another cat is occupying but ultimately retreats from it elevated space* Give away elevated One cat that is occupying an elevated space leaves within 3 seconds after another cat arrives, stares at, or space* attacks the first cat Wait on elevated space* One cat waits while another cat uses an elevated space; the cat that is waiting stares at the elevated space for at least 3 seconds Stare near puzzle feeder One cat that is eating or is beside the puzzle feeder stops its current activity and gives a fixed gaze at another cat for at least 2 seconds; the staring cat is not easily distracted by other activity around it and has ears erect and forward or erect and rotated sideways Paw near puzzle feeder One cat that is eating from the puzzle feeder or is standing beside it strikes another cat with its forepaw Bite near puzzle feeder One cat that is eating at the puzzle feeder or standing beside it snaps its teeth at or succeeds in biting another cat Avoid approaching the One cat when walking toward the puzzle feeder and looking at it withdraws whenever other cats are using it or puzzle feeder walking toward it; it is not possible to tell whether one of the cats is the reason for the avoidance behavior, and no cats at the box display any aggressive behavior to justify the first cat's withdrawal Flinch near puzzle feeder One cat that is trying to approach or is investigating the puzzle feeder tenses immediately subsequent to aggression by another cat; may include blinking and rotating the ears back Retreat from puzzle One cat approaches the puzzle feeder but retreats as another cat approaches it or if it is stared at, attacked, feeder feinted, blocked or chased by a cat that is sitting beside or using the puzzle feeder Approach puzzle feeder One cat walks toward the puzzle feeder until it is close enough to sniff it Investigate puzzle feeder One cat approaches the puzzle feeder, puts its head in it, and sniffs it or eats Pull puzzle feeder One cat pulls the puzzle feeder toward itself using one of its front paws Lie on top of puzzle feeder One cat lies on top of the puzzle feeder *Elevated spaces considered include indoor and outdoor shelves (except the food trough shelf), tables, and a tree trunk.
